Adolescence is a decisive period in human life in which important body composition changes occur. Increase of total body mass and its relative distribution are mainly related to gender and pubertal development. OBJECTIVE: This review explores the specific measurements that may be used in this age group to assess excess body fat and to define obesity and overweight. RESULTS: Identification of subjects at risk for adiposity requires simple anthropometric cutoffs for the screening of overweight and obesity. In this context, BMI criterion is the most frequently used but, in spite of its high sensitivity and specificity, an important number of adolescents classified as overweight or obese do not have really high adiposity (32.1% of females and 42% of males). Excess total body fat and intra-abdominal visceral fat are related to metabolic abnormalities that increase the risk of cardiovascular diseases. Waist circumference seems to be the best simple anthropometric predictor for the screening of the metabolic syndrome in children and adolescents. CONCLUSIONS: Early identification of adolescents at risk for adiposity and its related metabolic complications requires reliable, simple and specific measures of excess body fat for this age group.
Introduction
Adolescence is a decisive period in human life due to the multiple changes that take place between childhood and adulthood. Puberty is the main neuro-hormonal determinant of both physiological and psychological changes, although other social and behavior factors must be considered in this process.
Adolescence is characterized by a global acceleration of growth and maturation, with differential changes between both sexes. Annual height velocity, weight gain, fat-free mass and bone mineral content increase during this period in all adolescents, but the onset of puberty generally begins earlier in females than in males. 1, 2 The amount of fat mass in adolescent girls is usually higher than in boys. In girls, independently of the chronological age, pubertal development is associated with an increase of body fat. 2 However, the characteristic body composition pattern that appears in adolescent boys is a decrease of body fat, higher picks of height velocity and an increase of both shoulder span and leg-to-trunk length ratio. Sex differences in fat mass are apparent even long before puberty tends to start. 2, 3 These body composition and psycho-sociological changes determine nutritional requirements, and eating and physical activity behavior modifications. Sometimes, characteristic adolescent behavior patterns produce both energy balance and nutritional status disturbances. Therefore, obesity, anorexia nervosa, bulimia or dislipidemia are important alterations that commonly appear during adolescence and persist frequently into adulthood. 4, 5 With reference to obesity, the assessment of body composition is useful for the screening of excess body fat and its related metabolic complications. Reliable measurements of body fatness and its distribution pattern are necessary in epidemiological, clinical and population studies, and in the management of overweight/obesity consequences.
Body composition measurements
Many reference methods are able to estimate body composition accurately at the individual level. Multicompartment models, underwater weighing, air displacement plethysmography, labeled water techniques and dual-energy X-ray absorptiometry (DXA) are the most reliable methods to obtain accurate measures of total body fat. 6, 7 Computed tomography and magnetic resonance imaging have been also shown to provide information about body fat distribution. 8 Nowadays, reference methods are still not enough suitable for field and clinical use. Therefore, anthropometry and bioelectrical impedance are the most widely used methods when population size is big, whether no economic resources are available or when a quick measure is required. One of the major priorities for obesity research is the improvement of early identification of populations at risk for overweight and its associated alterations among different age-groups, especially with a better characterization of the relationship between simple measures and metabolic complications. 9 It must be taken into account in further studies that adolescence is a particular period of life in which body composition change dramatically when puberty appears and, therefore, the amount of body fatness and its distribution pattern may be more strongly related to gender and pubertal development stage than to age. As an example of this fact, data from the AVENA Study (Alimentació n y Valoració n del Estado Nutricional en Adolescentes) showed that the sum of four skinfolds did not significantly change with age; however, when Tanner pubertal stage was considered, a significant decrease in males and a significant increase in females were observe ( Figure 1 ).
10,11
The body mass index (BMI; weight (kg)/height (m 2 )) is accepted as the standard index for the definition of overweight and obesity, and its ability for the screening of excess body fat in adolescents is discussed later in this review.
Skinfold thickness and other anthropometric measures are often used as 'field' methods to predict total body fat in adolescents, either at population or at individual level. [10] [11] [12] [13] [14] Skinfold thickness measurements are able to predict body fatness better than BMI because subcutaneous fat (40-60% of total body fat) can be directly measured with a calliper. 12 Anthropometry may also give interesting information about how body fat is distributed. The waist-to-hip circumference ratio, waist circumference alone and the subscapular-totriceps ratio are all positively related to a more centralized pattern of body fat distribution. 13, 14 Waist circumference, which is an indirect measure of abdominal fat, seems to be a good anthropometric predictor for the screening of the metabolic syndrome in children. 14 As well as its advantages, anthropometry has many drawbacks associated with factors that can affect its accuracy and precision: nonstandardized methodology, technical and measurement limitations, selection of adequate fat mass prediction equations for each age group, and measurement discrepancies between methods. 10 
Obesity definition in adolescence
Obesity is more than an excessive deposition of fat in the body. Excess body fat is associated with adverse metabolic complications, as well as with significant short-and longterm physical and psychosocial problems that must be included in the same concept. The definition of excess body fat is somewhat arbitrary even if total body fat mass or body fat mass percentage (%FM) is known. Nowadays, there is no consensus about %FM cutoffs for obesity in adolescents. Especially in this period, the level of adiposity may vary widely in relation with age, gender and pubertal development. In the absence of clear cutoff points, the most consistent %FM values for the definition of excess body fat in female adolescents range between 30 and 35%. [16] [17] [18] [19] Contrary to females, adiposity in male adolescents decreases with age and sexual development. 18 Therefore, %FM cutoffs selected for excess body fat in males are 25-30% for adolescents aged 10-15 y, and 20-25% when subjects up to the age of 18 y are considered. [14] [15] [16] [17] [18] [19] BMI is the parameter most frequently used for the screening of excess body fat because it is easy to determine and it tends to correlate well with body fat. Is the BMI suitable for the screening of obesity in adolescents?
Although correlation between BMI and body fatness is generally strong, it is higher in prepubertal children compared with pubertal adolescents, and it is also higher in female than in male children. 12, [21] [22] [23] The use of BMI to identify children with excess adiposity during the pubertal development has an important limitation; it has been shown that BMI increases in adolescents from both sexes are primarily determined by increases in fat-free mass rather than in body fat compartment. 24 Therefore, we may erroneously classify some adolescents without overweight as subjects with excess adiposity. In spite of this fact, Sardinha et al 19 Our group has also studied the ability of BMI for the screening of overweight and obesity in adolescents. Data concerning the relationship between BMI and adiposity are part of results obtained from the AVENA (Alimentació n y Valoració n del Estado Nutricional en Adolescentes) multicenter cross-sectional survey. 10, 11 This study was designed to evaluate the nutritional status, dietary and leisure time habits, and physical activity and fitness of a representative sample of Spanish adolescents from five cities (Granada, Madrid, Murcia, Santander and Zaragoza). In a group of 280 adolescents from the city of Zaragoza, aged 13.0-17.9 y (167 females and 113 males), we have measured %FM by DXA. Obesity status was defined by IOTF cutoff values and subjects were therefore classified into three groups: normal-weight, overweight and obese. 20 Correlations between %FM and BMI were strongly positive in both sexes: 0.73 in males and 0.82 in females (Po0.0001). Male and female adolescents classified as normal-weight, overweight and obese were distributed according to their %FM values (Figures 2 and 3) . The 85th percentile of the %FM distribution in each sex group was considered as cutoff point for excess adiposity (Z30% in males and Z35% in females).
In total, 94% of males and 84% of females with high adiposity were correctly identified by BMI (sensitivity or true-positive rate), and 88% of males and 93% of females without high adiposity were also correctly classified (specificity or true-negative rate). Among those adolescents considered as overweight or obese by BMI cutoffs, only 67.9% of females and 58.0% of males had really excess adiposity (the predictive value). Therefore, BMI cutoffs are a good criterion for the screening of excess body fat in adolescents due to its high sensitivity and specificity, but an important percentage of subjects classified as overweight or obese did not have really excess adiposity. In a similar study performed by Taylor et al, 17 in subjects aged 8.5-15.5 y, 86% of both males and females with high adiposity (%FM Z25% in males and Z35% in females) were correctly identified by BMI cutoffs. Figure 2 Number of male adolescents classified using BMI criterion as normal-weight, overweight and obese, and distributed according to their body fat percentage measured by dual-energy X-ray absorptiometry. Doted line is the 85th percentile of the body fat percentage distribution considered as cutoff point for high adiposity.
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Body fat distribution and metabolic complications
The last point of this review explores the importance of body fat distribution for the screening of the metabolic syndrome in obese children and adolescents. Obesity, especially central body fatness, is associated with dyslipidemia, hypertension, insulin resistance/hyperinsulinemia and impaired glucose tolerance/type 2 diabetes. This cluster of metabolic abnormalities that already appears in obese children and adolescents increases the risk of cardiovascular diseases. 14, 26, 27 Obese children and adolescents with impaired glucose tolerance have peripheral insulin resistance and insulin secretion abnormalities that cause major defects in lipid and carbohydrate metabolism. Early in the natural history of type 2 diabetes in obese young people, insulin resistance as prediabetes status is related to an increased visceral fat more than to excess body fat. 28 Freedman et al 29 showed
a positive relation of central adiposity measured by circumferences and skinfold thickness to lipid and insulin concentrations in children and adolescents. Waist circumference seems to be the best simple anthropometric predictor for the screening of the metabolic syndrome in children.
14 Waist circumference may be used as an index of abdominal adiposity, which is the sum of visceral and subcutaneous fat at this level. In a recent study, Weiss et al 28 have measured abdominal fat partitioning by nuclear magnetic resonance into two groups of obese adolescents, one with impaired glucose tolerance and the other with normal tolerance, both with similar ages, sex distribution and degree of obesity. Adolescents with impaired glucose tolerance had more abdominal visceral fat, less abdominal subcutaneous fat and, therefore, greater visceral-to-subcutaneous fat ratio than those whose glucose tolerance was normal. They concluded that, independently of the amount of fat mass, intra-abdominal fat accumulation was strongly related to insulin resistance and hyperglycemia in obese adolescents.
Other metabolic abnormalities, associated with excess adiposity and implicated in cardiovascular morbidity and mortality, have also shown direct relations with central fat distribution in children and adolescents: greater plasma hemostatic factor concentrations; 30 
Conclusions
The major conclusions of this review are the followings:
(1) Body composition change dramatically during adolescence. Gender and pubertal development differences related to body composition must be considered in this relative short period of human life. (2) Early identification of adolescents at risk for obesity and its related metabolic complications requires reliable, simple and specific measures of excess body fat for this age group. (3) International Obesity Task Force BMI cutoffs 20 may be used for the screening of excess body fat in adolescents due to its high sensitivity and specificity, but an important percentage of subjects classified as overweight or obese did not have really excess adiposity. (4) In adolescents, excess body fat and, specifically, increased intra-abdominal visceral fat are related to dyslipidemia, hypertension, insulin resistance and impaired glucose tolerance. (5) Waist circumference seems to be the best simple anthropometric predictor for the screening of the metabolic syndrome in children and adolescents. Body composition in adolescents G Rodríguez et al
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